INTRODUCTION
In 1940 T'ang and Wang (1) measured the erythrocyte sedimentation rate and the plasma viscosity in 176 cases of pulmonary tuberculosis and 56 cases of tuberculosis of other organs.
These writers concluded from their data that the plasma viscosity determination may be a more sensitive test for activity of tuberculosis than the sedimentation rate.
Independently, in 1942, Whittington (2) in a study of the mechanics of the erythrocyte sedimentation rate suggested that this procedure might with advantage be replaced by plasma viscosity measurements.
The method was tried on 63 tuberculous patients by Miller and Whittington (3) who found that the plasma viscosity was a more reliable index of the clinical condition than the erythrocyte sedimentation rate. The general findings of the latter paper were confirmed by Houston, Harkness and Whittington (4) and by Harkness, Houston and Whittington (5) after 645 estimations of the plasma viscosity-223 of these were of pulmonary tuberculosis; 385 were of a variety of diseases and 37 were of normal persons. Although these data indicate that the plasma viscosity is significant in following the course of persons with pulmonary tuberculosis, they show emphatically that the test is non-specific.
For the past 20 years the accepted laboratory method of estimating the general reaction of rheumatic diseases has been the-erythrocyte sedimentation rate. From this earlier experience, a trial of the plasma viscosity test in rheumatic diseases also seemed desirable. Cowan and Harkness (6) have reported 320 viscosity estimations made at the Royal Infirmary, Sunderland, in various rheumatic diseases. They found that the viscosity test was much more reliable than the erythrocyte sedimentation rate, and that the measurements of viscosity appeared to be a promising method of investigation in rheumatic diseases.
Woodmansey and Wilson (7) have reported similar findings. While Race (8) believes that in the more severe clinical conditions the plasma viscosity test is superior to the erythrocyte sedimentation rate, he considers that the erythrocyte sedimentation rate may be the more sensitive in detecting the earliest changes in rheumatic disease.
The statistics of the present paper are based on the results obtained up to the end of February 1948, at Sunderland, and to the end of December 1947, at the Crossley Sanatorium (Table I) .
So far as we know, the subject of plasma viscosity has not yet been discussed in When sodium citrate is used as the anticoagulant, 2 ml. of a 3.8% aqueous solution is pipetted into a 10-ml. volumetric flask or a centrifuge tube graduated at 10 ml. Venous blood is added exactly to the mark and gently mixed. A sample is removed for hematocrit estimation. The remainder is treated as for the oxalate blood above. An empirical correction has to be applied to this viscosity to make allowance for the variation in the plasma-citrate mixture due to anemia. A nomogram for this correction has been published (4) .
On the basis of the complicated inter-relationship of the citrate plasma viscosity to the maximum citrate erythrocyte sedimentation rate the viscosity range has been divided into 11 zones. These zones are of special interest with reference to pleural effusions. The limits of the zones are in Table II (b) Rheumatic patients: These patients were classified as in Table III In Figure 2 we show the distribution according to the citrate plasma viscosity zones of those cases with definite clinical and radiological evidence of the production of clear pleural fluid at the time when the blood was removed for the test. Fortytwo tests on 32 patients are given: 22 (52%o) are in viscometric zone 7 (1.762 to 1.832), and 32 (76%o) are in zones 6 to 8. These results suggest that zones 6 to 8 form a region in which it is highly probable that exudative cases will lie.
It has been our experience that if a pleural effusion be aspirated while the viscosity is in zone 7, PLEURAL EFFUS IONS. This patient received routine sanatorium treatment for two months, resulting in improved general condition. Left artificial pneumothorax was induced (Day "minus 38"-chart reference). Following persistent nose-bleeding, the blood-clotting time was estimated and found to be considerably above normal. She was given 60 mgs. water-soluble Vitamin K analogue daily (Day "11"). At routine screening of the chest a minimal effusion in the left costo-phrenic angle was noted (Day "minus 4").
The various laboratory tests carried out, beginning at Day 0, are plotted in Figure 5 . Day 13, 1947 , when the sodium salicylate was discontinued (because of toxic symptoms) and replaced by calcium aspirin. The plasma viscosity and the erythrocyte sedimentation rate on August 12, 1947 , showed a moderate reaction. The alteration in treatment was followed immediately by an acute recurrence of joint pains, elevation of temperature, sweating, etc., and this worsening was reflected in the increase of viscosity of August 18, 1947, while the erythrocyte sedimentation rate showed an appreciable reduction.
On August 17, 1947, the sodium and methyl salicylate were resumed. On August 23rd, while the patient was receiving large prophylactic doses of penicillin, some decayed teeth were removed. Thereafter improvement was continuous until his discharge on September 11, 1947 (to rest at home). Again the improvement was reflected in the plasma viscosity changes; the erythrocyte sedimentation rate rose inexplicably on August 25th, thereafter also mirroring the clinical improvement. When the patient reported three months later to the out-patient department both tests had returned to normal values; there was no clinical indication of activity; there was no evidence of cardiac involvement by the disease.
The plasma viscosity here appears to be a useful index of the pathological processes occurring in the patient.
2. Chronic Rheumatoid Arthritis. 0. G., a female, aged 25 years, gave birth to a normal healthy baby in July, 1946. Three months later she began to complain of pain and stiffness of the small joints of the fingers, and then of a tendency towards ulnar deviation of the fingers at the metacarpo-phalangeal joints. Gradually pain and swelling developed in both knees, and there was swelling of the right, ankle joint.
There was fusiform swelling of the small joints of the fingers, ulnar deviation at the metacarpo-phalangeal joints, periarticular thickening of both wrists with limitation of dorsiflexion of the right wrist; both knees were hot and swollen, and there was limitation of flexion of the right knee by 20°; the right ankle was "puffy" and painful, although there was full range of movement. General medical examination revealed no focus of infection; urine showed no abnormality; skiagram of chest was negative. Skiagrams of the involved joints showed changes typical of rheumatoid (atrophic) arthritis. The picture was typical of a case of chronic rheumatoid arthritis of some months' duration.
She had been confined to bed at home for eight months prior to admission to hospital on July 2, 1947, when her blood test gave the following results: viscosity values, at a few weeks' interval, fall into this zone, it is highly probable that the disease is of a chronic nature; we have noted this happening on several occasions during recovery from acute rheumatic fever when the condition has taken on a chronic nature. The importance of the ability of the test to detect a change from an acute to a chronic process need not be stressed from the aspect of prognosis and treatment.
Although the plasma viscosity test and the erythrocyte sedimentation rate may both reflect changes in the plasma proteins, the results of the two tests may be dissimilar. Careful correlation of the results of these tests with the clinical condition has shown that the plasma viscosity is not only the more reliable but that the erythrocyte sedimentation rate can be definitely misleading. The superiority and the reliability of the plasma viscosity test become very obvious when individual patients have serial examinations during the course of their illnesses. While it must be admitted that in some cases with clinically apparent early disease the erythrocyte sedimentation rate will begin to rise before the plasma viscosity starts to change, there have been instances in which an abnormally high erythrocyte sedimentation rate has been found in an apparently normal person and no cause for this increase has ever been found. In contrast is our experience with over 2500 plasma viscosity tests where in every case of a high viscosity value the cause of this increase was ultimately detected. CONCLUSIONS 1. The plasma viscosity has been estimated in 656 tests on cases of pulmonary tuberculosis and in 750 tests on cases of rheumatic disease.
2. The results have been considered generally and some representative cases have been given in detail.
3. The plasma viscosity test is not specific. It depends on changes in the plasma proteins.
4. The plasma viscosity indicates systemic reaction to disease processes. 5 . As an indication of the presence of and changes in the systemic reaction the test is sensitive and reliable.
6. The systemic reaction (and hence the plasma viscosity) mirrors the changes in the local lesions in pulmonary tuberculosis, rheumatic fever, and rheumatoid arthritis.
7. The formation of pleural effusions is usually associated with plasma viscosities within a narrow range of values.
8. Chronic disease processes are also associated with a narrow range of viscosity values.
9. The value of the plasma viscosity test to the clinicians treating pulmonary tuberculosis and rheumatic diseases is discussed.
